In paper a complete intersection Calabi-Yau six-folds are considered. Their Hodge diamond and Gromov-Witten invariants are calculated using the mirror symmetry methods. Several Wolfram Mathematica algorithms are proposed.
Introduction
Intensive study of compact Ricci-flat manifolds started after Yau proved the Calabi conjecture that these spaces always admit a Kahler metric with SU (3) holonomy group. Phenomenologically these spaces should be used to justification of U (1) ⊗ SU (2) ⊗ SU (3) minimal model, which linking electromagnetic -U (1), weak -SU (2) and strong -SU (3) interactions in string theory. From an algebraic geometry point of view the Calabi-Yau space be an elementary generalization of the well-studied K3 surfaces and before 1991 were not attracted mathematicians. In 1991 the computational experiments of physicists began to produce results [1] , which were previously obtained by mathematicians in another theory [2] . Explaination of coincidence these results was suggested by [3] . After this, line of research Calabi-Yau manifolds acquired the status of "mainstream" both for physicists as for mathematicians. These spaces are included in the minimal model through 6-dimension group SU (3). In this article we consider a 6-folds Calabi-Yau that are a complete intersection hypersurfaces in ordinary projective spaces (complete intersection Calabi-Yau). Also we calculate Hodge diamond and Gromov-Witten invariants using the methods of the theory of mirror symmetry.
Hodge Diamond
All definitions of this article are conventional [4] . We work in projective space P n over an algebraically closed field of arbitrary characteristic. Let x be divisor degree of hypersurface X ∈ P n . We denote
i ∈ P n as m-fold, which is a complete intersection of k hypersurfaces S i degree s i . Then X is a CalabiYau if x = s i = n + 1. For a sheaf of differential forms Ω i X = Λ i Ω X we introduce Hodge numbers h ij = dim H i (Ω j X ), which not only are symmetrical: h ij = h ji , but Serre symmetrical also: h ij = h n−i,n−j . If we have Hodge numbers then Betti numbers may be calculated as
We can also define the Euler characteristic of X as the alternating sum of the Betti numbers:
For clarity, we rotate the matrix h ij on 45
• and call it as the Hodge diamond. So, for n = 3, we will have: 
At the initial stage for construction of the Hodge diamond we will use standard tool of diagramatic search, which described in classical manuals on algebraic topology. If X ∈ P n be hypersurface, then vector of cohomology h(O X ) = h i,0 can be found from the exact sequence of sheaves
Since
, then h(O X ) = ( n 1, 0, ..., 0, 1 ) and it is sufficient for the construction of the Hodge diamond for curve in P 2 :
To calculate the cohomology of sheaf O P n (−k) we will use the Wolfram Mathematica (Algorithm 1). To find the cotangent bundle Ω X we take sequence dual to
where
with O X , then one gets restriction Ω P 4 |X = Ω P 4 ⊗ O X :
These equations (1), (2), (4) are sufficient to build a Hodge diamond of hypersurfaces X ∈ P 3 and X ∈ P 4 . With using Algorithm 2. we can calculate the cohomology sheaf C (0-A-B-C-0), if we know cohomology of A and B. (5) Example 1. We will construct a Hodge diamond for three-fold CalabiYau X 3 ∈ P 5 , which is a complete intersection of a quadric and a quartics: X = S 2 ∩ S 4 . We will use Alg. 
. The Euler sequence dual to (3) has the form
From this c(
.
The Euler characteristic of m-fold is
Example 2. For the intersection of a quadric and a quartic in P 5 we have
Hence the Euler characteristic is χ = −176. Comparing this with Example 1, we see that b = (1, 0, 1, 180, 1, 0, 1) and from formulae χ = (−) k b k we obtain the same value χ.
If X = S 1 ∩ S 2 ∩ S 3 is complete intersection of 3 hypersurfaces of degree
, and the sheaf O X is determined from the 3d-commutative diagrams (thus O P n = O n and
: :
:
It is obvious that analysis of the intersection of k hyperplane will require building of k-dimensional commutative cube. In essence, for determination of O S 1 ∩S 2 ∩...∩S k we need use the following recurrence relations
twisting them with O P n (−s i ) if it is necessary. Further, we will use the Mathematical Algorithm 3. to calculate O X (−j). Note that Algorithm 3. includes Algorithm 2. and also Algorithm 1. We denote by X m the m-fold, which is a complete intersection k hypersur-
Taking the symmetric square of (2), we get:
Here Sym 2 N X = O X (−2x), and Ω 2 P n |X we find using an external degree of the Euler sequence (3):
To determine the Ω 2 X we split the equation (9) into two parts:
It is easy to show that E ∼ = Ω X (−x). Indeed, multiplying (2) on O X (−x) we have (9.1):
On the other hand, the vedge power (2) is
i.e. (9.2).
In general the k-st symmetric power of (2) 
Knowing the h(Ω P 7 |X ) and h(O X )(−2) = (0, 0, 0, 0, 35, 0, 0, 0) we obtain h(Ω 
for the Euler characteristic X 4 ∈ P 7 from (7) we obtain
Example 4. Find the Hodge diamond of 5-fold Calabi-Yau X 5 ∈ P 9 , which is a complete intersection of two quadrics and two dice:
Using recurrent sequences (8) and the scheme (11) Here is a table of the currently known complete intersections Calabi-Yau in ordinary projective spaces. In this table, m-fold
is indicated by [n m |ij...k] χ . Spaces X 3 , have been described in [5] . All 4-dimensional full intersection Calabi-Yau are described in [6] and 5-dimensional in work [7] . The aim of all previous detailed calculations was to show that for any rational complete intersection Calabi-Yau X m all non-zero entries of the Hodge diamond always lying on its equator or on the central column. Also h ii = 1 if i = m/2. Therefore, we can simplify all calculation with use of characteristic classes theory.
We take the Riemann-Roch-Hirzebruch equation
attach it to E = q Ω X = Ω q X and rewrite over Chern classes of tangent bundle
Here α i are Chern roots of T P n . It is not difficult to formalize a computation using Wolfram Mathematica. According to (13) we find T d(T P n ).
; ff=Series[f,{x,0,n+1}]; 
Similarly, according to (14) we calculate Ch(Ω p (X m )).
Algorithm 5:
Ch(Ω p (X m )).
In Using the Riemann-Roch-Hirzebruch formula (12), we obtain the Euler characteristic: χ(P n , Ω p (X m ). 
For example if X 4 = S 6 ∈ P 5 , then for c(Ω 2 (X 4 )) we will have
In[ ]: n=5; S={6,0,0}; ; ct= (1 + x) n+1
( Example 5. Find the Hodge diamond of 6-fold X 6 ∈ P 10 , which is a complete intersection of two quadrics, a cubic and a quartic: (14) into (12), taking into account that c 1 = 0, we obtain In the following table we show the Hodge numbers of the 6-fold Calabi-Yay that are complete intersections in ordinary projective spaces. 
Gromov-Witten invariants
The increased interest of mathematicians in the theory of mirror symmetry is associated with the fact that with use of physical theory instruments were obtained results, (which were) previously considered exclusively mathematician. Furthermore, physical calculations turned out to be easier and faster then mathematical ones. For example, one problem is to count the number of curves of degree d, lying on arbitrary m-folde in P n . Mathematically, these type of problems solved by Schubert calculus. In some special cases the solution is expressed by analytically. For example the formula In this section we give a simple "physical" [8] algorithm and it software implementation and use them to calculate the invariants Gromov-Witten of 6-fold complete intersection Calabi-Yau. = n 0 + n 1 q + (n 1 + 2 3 n 2 )q 2 + (n 1 + 3 3 n 3 )q 3 + (n 1 + 2 3 n 2 + 4 3 n 4 )q 4 + O(q 4 )
we obtain n 1 = 8753400 is the number of lines on X 6 , n 2 = 343357278075 is the number of quadrics on X 6 ... etc. It may be calculated with use Algorithm 8. In next table we show the number of rational curves of given degree for the
